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compound is a single compound, it can be purified to a high
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FLUORESCENT COMPOUND, MAKING
METHOD, AND FLUORESCENT RESIN
COMPOSITION

CROSS-REFERENCE TO RELATED
APPLICATION

This non-provisional application claims priority under 35
U.S.C. §119 (a) on Patent Application No. 2012-027589 filed
in Japan on Feb. 10, 2012, the entire contents of which are
hereby incorporated by reference.

TECHNICAL FIELD

This invention relates to novel fluorescent compounds, a
method of preparing the same, and fluorescent resin compo-
sitions.

BACKGROUND ART

Organic compounds having a fluorescent chromophore (to
be referred to as “fluorescent compounds”, hereinafter) are
often used as fluorescent ink or pigment to offer a colorant for
paper, fibers and resins partly because they are less expensive
than fluorescent inorganic compounds.

The colorants are generally classified into two categories,
dyes and pigments. The pigment is an agglomerate of mol-
ecules having a chromophore and has a large particle size
whereas the dye is a chromophore-containing molecule
which is dissolvable in media including solvents and resins.
In general, those materials colored with pigments are inferior
in transparency, lightness and color saturation to those mate-
rials colored with dyes, because the pigment colorants have a
larger particle size.

Except fluorescent tags wherein chemical reaction takes
place between molecules, fluorescent compounds are gener-
ally used as the pigment partly because of improved light
resistance and partly because of a low solubility in low polar
media.

For the above reason, when resins are colored with fluo-
rescent compounds, relatively high polarity resins like acrylic
resins and polyester resins may be colored with dyes. In the
case of low polarity resins like polyolefin resins and silicone
resins, pigments are inevitably used because dyes are least
soluble therein. In the case of coloring with pigments, to
obtain transparent resin compositions, the pigment must be
finely ground to a size smaller than the wavelength of light
and uniformly dispersed in the resin. This grinding/dispersing
step consumes a large amount of energy and time.

One method of enhancing compatibility with low polar
resins is to attach a fluorescent compound to a resin. For
example, Patent Document 1 describes a silicone resin
obtained by bonding a fluorescent compound to an amino
silicone resin.

A number of fluorescent compounds are known as well as
compounds useful as the dye. For example, fluorene com-
pounds with an emission capability of high luminance and
efficiency are useful as the luminescent material in organic
electroluminescent devices as disclosed in Patent Document
2. Patent Document 3 describes that a compound having an
improved solubility in organic solvents is obtainable by link-
ing two fluorene compounds via a siloxanyl group as spacer.

CITATION LIST

Patent Document 1: JP-A 2007-169535
Patent Document 2: WO 2005/123634
Patent Document 3: EP 1892244
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2
DISCLOSURE OF INVENTION

However, the method of Patent Document 1 has the prob-
lem that since complete removal of unreacted fluorescent
compound is difficult, it will agglomerate and precipitate
during storage or service, undesirably inviting changes of the
outer appearance and optical properties. Also, the silicone
resin, which is a polymeric substance, has a molecular weight
distribution and is non-uniform in the chemical structure of
every molecule. It is thus difficult that the fluorescent com-
pound is uniformly dispersed within the resin. Where a plu-
rality of fluorescent substituent groups are close to each other
within the molecule, there is a possibility of a color tone
change upon excimer emission.

The compounds of Patent Document 2 have a low solubil-
ity in organic solvents. They are substantially insoluble in low
polar solvents and resins such as aliphatic hydrocarbons and
silicone resins.

The method of Patent Document 3 achieves an improved
solubility in organic solvents, but fails to improve the solu-
bility in low polar solvents and resins such as aliphatic hydro-
carbons and silicone resins. It is difficult to use the relevant
compounds in these solvents and resins as dye or fluorescent
substance.

An object of the invention is to provide a fluorescent com-
pound having an improved solubility in organic solvents,
improved compatibility with resins, prepolymers, and mono-
mers, especially silicone resins; a method of preparing the
fluorescent compound; and a fluorescent resin composition
which can be conveniently prepared using the fluorescent
compound.

The inventors have discovered novel fluorescent com-
pounds having a specific structure. The above problems are
overcome using these compounds.

In one aspect, the invention provides a fluorescent com-
pound having the general formula (1).

M

R!

Rr2

Herein R' to R'° are each independently a substituent group
selected from the group consisting of a straight, branched or
cyclic, monovalent C,-C,, hydrocarbon group, C,-C,,
alkoxy group, C4-C,, aryloxy group, halogen, hydrogen,
amino, cyano and siloxane-containing group having the for-
mula (2), apairof R and R?, R® and R*, R*and R®, R’ and R®,
R7 and RS, R® and R®, or R® and R'° may bond together to
form a ring structure of 5 to 8 carbon atoms with the carbon
atoms to which they are attached, at least one of R to R'® is
a siloxane-containing group having the formula (2).

Sx-A- 2
Herein Sx is a straight, branched or cyclic organosiloxanyl
group of 2 to 10 silicon atoms having a C,-C,, monovalent
hydrocarbon group bonded to a silicon atom, a silicon atom in
Sx being bonded to A, and A is a single bond or a straight,
branched or cyclic, divalent C,-C,, hydrocarbon group which
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may contain at least one —O—, —S— or —NR— or a
combination thereof, with the proviso that two heteroatoms of
oxygen, sulfur and nitrogen are not vicinal except for the
cyclic divalent hydrocarbon group, and R is a monovalent
C,-C,, hydrocarbon group.

In preferred embodiments, the siloxane-containing group
having formula (2) contains at least 5 silicon atoms in total;
R! and/or R? in formula (1) is a siloxane-containing group
having formula (2); and R* and/or R® in formula (1) is biphe-
nyl.

In a second aspect, the invention provides a fluorescent
resin composition comprising the fluorescent compound
defined above and a resin. The resin is typically a silicone
resin.

In a third aspect, the invention provides a method for pre-
paring a fluorescent compound having formula (1'), compris-
ing reacting an olefin compound having the general formula
(3) with a SiH-containing siloxane compound having the
general formula (4) in the presence of a platinum catalyst.

(©)

Rll

RIZ

Herein R** to R*° are each independently a substituent group
selected from the group consisting of a straight, branched or
cyclic, monovalent C,-C,, hydrocarbon group, C,-C,,
alkoxy group, C4-C,,, aryloxy group, halogen, hydrogen,
amino, and cyano group, a pair of R*' and R'2, R'* and R**,
R'**andR'*,R*3andR!%,R'” and R'®,R*®*and R'®, or R*® and
R?° may bond together to form a ring structure of 5 to 8 carbon
atoms with the carbon atoms to which they are attached, at
least one of R to R*° is a monovalent C,-C,, hydrocarbon
group which is terminated with an aliphatic carbon-carbon
unsaturated bond and which may contain at least one —O—,
—S— or —NR— or a combination thereof, with the proviso
that two heteroatoms of oxygen, sulfur and nitrogen are not
vicinal except for the cyclic monovalent hydrocarbon group,
R is a monovalent C,-C,, hydrocarbon group.

Sx-H (©)]

Herein Sx is a straight, branched or cyclic organosiloxanyl
group of 2 to 10 silicon atoms having a C,-C,, monovalent
hydrocarbon group bonded to a silicon atom.

RY

R¥

Herein R' to R'® are each independently a substituent group
selected from the group consisting of a straight, branched or
cyclic, monovalent C,-C,, hydrocarbon group, C,-C,,
alkoxy group, C4-C,,, aryloxy group, halogen, hydrogen,
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4

amino, cyano and siloxane-containing group having the for-
mula (2", apairof R" and R*, R* and R*, R* and R*, R*"and
R®,R” and R¥,R¥ and R”, or R and R*® may bond together
to form a ring structure of 5 to 8 carbon atoms with the carbon
atoms to which they are attached, at least one of R* to R*®'is
a siloxane-containing group having the formula (2").

Sx-A*- )
Herein Sx is a straight, branched or cyclic organosiloxanyl
group of 2 to 10 silicon atoms having a C,-C,, monovalent
hydrocarbon group bonded to a silicon atom, a silicon atom in
Sx being bonded to A', and A is a straight, branched or cyclic,
divalent C,-C,, hydrocarbon group which may contain at
least one —O—, —S— or —NR— or a combination thereof,
with the proviso that two heteroatoms of oxygen, sulfur and
nitrogen are not vicinal except for the cyclic divalent hydro-
carbon group, and R is a monovalent C,-C,, hydrocarbon

group.
ADVANTAGEOUS EFFECTS OF INVENTION

By virtue of improved compatibility with organic solvents
and resins, the fluorescent compounds can be uniformly dis-
persed in various media. Using the compounds, fluorescent
resin compositions having high transparency, lightness and
color saturation are readily formulated. Since the fluorescent
compound is a single compound without a molecular weight
distribution, it can be purified to a high purity and has a high
fluorescence efficiency.

DESCRIPTION OF PREFERRED
EMBODIMENTS

As used herein, the singular forms “a,” “an” and “the”
include plural referents unless the context clearly dictates
otherwise. The notation (Cn-Cm) means a group containing
from n to m carbon atoms per group.

One embodiment of the invention is a fluorescent com-
pound having the general formula (1).

M

Rr!

Rr2

Herein R! to R'® may be the same or different. Fach of R to
R'° is a substituent group selected from among straight,
branched or cyclic, monovalent hydrocarbon groups of 1 to
20 carbon atoms, preferably 1 to 12 carbon atoms, alkoxy
groups of 1 to 20 carbon atoms, preferably 1 to 12 carbon
atoms, aryloxy groups of 6 to 20 carbon atoms, preferably 6 to
12 carbon atoms, halogen, hydrogen, amino, cyano and silox-
ane-containing groups having the formula (2).

Suitable monovalent hydrocarbon groups include satu-
rated hydrocarbon groups, typically straight, branched or
cyclic alkyl groups such as methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, cyclopentyl, iso-
pentyl, 2-pentyl, 3-pentyl, tert-pentyl, hexyl, cyclohexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tetradecyl,
hexadecyl, octadecyl, and eicosyl; unsaturated hydrocarbon
groups, typically alkenyl and alkynyl groups such as vinyl,
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allyl, propenyl, 1-methylpropenyl, butenyl, pentenyl, hex-
enyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl, and
octadecenyl; and aromatic hydrocarbon groups, typically aryl
and aralkyl groups such as phenyl, naphthyl, anthryl, phenan-
thryl, pyrenyl, benzyl, phenethyl, phenylpropyl, 2-meth-
ylphenyl, 3-methylphenyl, 4-methylphenyl, 2,4-dimeth-
ylphenyl, 3,5-dimethylphenyl, 3,5-di-tert-butylphenyl, and
biphenyl. Of these, preferred are methyl, ethyl, propyl, iso-
propyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, vinyl, allyl and
phenyl. Suitable alkoxy groups include methoxy, ethoxy,
butoxy, tert-butoxy, and hexyloxy. Suitable aryloxy groups
include phenoxy, p-methylphenoxy and naphthoxy. Suitable
halogen atoms include fluorine, chlorine, bromine and iodine.
Suitable amino groups include dimethylamino and diethy-
lamino.

In formula (1), a pairof R and R?,R*> and R*, R*and R>, R®
and R® R7 and R®, R® and R®, or R® and R'® may bond
together to form an alicyclic or aromatic ring structure of 5 to
8 carbon atoms with the carbon atom or atoms to which they
are attached. In this case, the structure of formula (1) forms a
fused ring structure as represented by the following formulae
(1a) to (1 g). Where a ring structure is formed, R*¢, R*%, R>%,
R*2, R34, R%, R7%, R, R® and R'°® in the following for-
mulae are di- or trivalent groups obtained by eliminating one
or two hydrogen atoms from R, R? R?, R* R’ R® R’ R?
R®, and R'°, respectively.

(la)

(1b)

(le)

(1d)
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6

-continued

(le)

1h

(lg)

R3 RZ Rl RU

In formula (1), at least one of R' to R, especially R*
and/or R? is a siloxane-containing group having the following
formula (2). Accordingly, the compound of formula (1) con-
tains at least one group having formula (2). In this embodi-
ment, it is preferred that R' and/or R* be a group having
formula (2). The total number of silicon atoms in formula (1)
is preferably at least 2, more preferably at least 5. If the
number of silicon atoms is less than 2, the compound may not
have a sufficient solubility. Although the upper limit of silicon
count is not critical, the silicon count is preferably up to 10. It
is also preferred that R* and/or R® be biphenyl.

Sx-A- )

In formula (2), Sx is a straight, branched or cyclic orga-
nosiloxanyl group of 2 to 10 silicon atoms, preferably 3 to 10
silicon atoms, more preferably 5 to 10 silicon atoms, having a
monovalent hydrocarbon group of 1 to 20 carbon atoms,
especially 1 to 6 carbon atoms, typically alkyl, bonded to a
silicon atom. A silicon atom in Sx is bonded to A. Sx is free of
a reactive substituent group like a silicon-hydrogen bond or
silicon-alkoxy linkage.

Suitable monovalent hydrocarbon groups to be bonded to a
silicon atom include alkyl groups such as methyl, ethyl, pro-
pyl, isopropyl, butyl, sec-butyl and tert-butyl, cycloalkyl
groups such as cyclohexyl, aryl groups such as phenyl and
tolyl, alkenyl groups such as vinyl, allyl, propenyl and bute-
nyl, and alkynyl groups such as ethynyl, propynyl and buty-
nyl.

Examples of Sx include

linear organosiloxanyl groups such as pentamethyldisi-
loxan-1-yl, 3,3,3-triethyl-1,1-dimethyldisiloxan-1-yl, penta-
ethyldisiloxan-1-yl, 3-vinyl-1,1,3,3-tetramethyldisiloxan-1-
yl, 3-tert-butyl-1,1,3,3-tetramethyldisiloxan-1-yl, 3,3,3-
triisopropyl-1,1-dimethyldisiloxan-1-yl, 1,1-diphenyl-3,3,3-
trimethyldisiloxan-1-yl, 3-methyl-1,1,3,3-
tetraphenyldisiloxan-1-yl, 1-cyclohexyl-1,3,3,3-
tetramethyldisiloxan-1-yl, heptamethyltrisiloxan-1-yl,
nonamethyltetrasiloxan-1-yl, undecamethylpentasiloxan-1-
yl, tridecamethylhexasiloxan-1-yl, pentadecamethylheptasi-
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loxan-1-yl, heptadecamethyloctasiloxan-1-yl, nonadecam-
ethylnonasiloxan-1-yl, and heneicosamethyldecasiloxan-1-
vl

branched organosiloxanyl groups such as 1-trimethylsi-
loxy-1,3,3,3-tetramethyldisiloxan-1-yl, 1-trimethylsiloxy-1,
3,3,5,5,5-hexamethyltrisiloxan-1-yl, 1-pentamethyldisiloxa-
nyloxy-1,3,3,5,5,5-hexamethyltrisiloxan-1-yl,
1-trimethylsiloxy-1,3,3,5,5,7,7,7-octamethyltetrasiloxan-1-
yl, and 1,1-bis(trimethylsiloxy)-3,3,3-trimethyldisiloxan-1-
vl

cyclic organosiloxanyl groups such as 1,3,3,5,5,7,7-hep-

tamethylcyclotetrasiloxan-1-yl and 1,3,5,7-tetramethyl-1,3,
5,7-tetravinylcyclotetrasiloxan-1-yl.
Of these, preferred are pentamethyldisiloxan-1-yl, heptam-
ethyltrisiloxan-1-yl, nonamethyltetrasiloxan-1-yl, undecam-
ethylpentasiloxan-1-yl, 1-trimethylsiloxy-1,3,3,3-tetrameth-
yldisiloxan-1-yl, and 1,3,3,5,5,7,7-
heptamethylcyclotetrasiloxan-1-yl.

In formula (2), A is a single bond or a straight, branched or
cyclic, divalent hydrocarbon group of 1 to 20 carbon atoms,
preferably 1 to 12 carbon atoms, which may contain at least
one —O—, —S— or —NR— or a combination thereof in a
discontinuous manner, with the proviso that two heteroatoms
of oxygen, sulfur and nitrogen are not vicinal except for the
cyclic divalent hydrocarbon group.

R is a monovalent hydrocarbon group of 1 to 20 carbon
atoms, preferably 1 to 12 carbon atoms. Suitable monovalent
hydrocarbon groups include saturated hydrocarbon groups,
typically straight, branched or cyclic alkyl groups such as
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, cyclopentyl, isopentyl, 2-pentyl, 3-pentyl,
tert-pentyl, hexyl, cyclohexyl, octyl, decyl, dodecyl, tetrade-
cyl, hexadecyl, octadecyl, and eicosyl; unsaturated hydrocar-
bon groups, typically alkenyl and alkynyl groups such as
vinyl, allyl, propenyl, 1-methylpropenyl, butenyl, pentenyl,
hexenyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl, and
octadecenyl; and aromatic hydrocarbon groups, typically aryl
and aralkyl groups such as phenyl, naphthyl, benzyl, phen-
ethyl, phenylpropyl, 2-methylphenyl, 3-methylphenyl, 4-me-
thylphenyl, 2.4-dimethylphenyl, 3,5-dimethylphenyl, and
3,5-di-tert-butylphenyl. Of these, preferred are methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pen-
tyl, hexyl, octyl, decyl, dodecyl, vinyl, allyl and phenyl.

Suitable divalent hydrocarbon groups represented by A
include

straight, branched or cyclic aliphatic divalent hydrocarbon
groups such as methylene, 1,2-ethanediyl, 1,1-ethanediyl,
1,2-ethenediyl, 1,1-ethenediyl, 1,3-propanediyl, 1,2-pro-
panediyl, 2-methyl-1,3-propanediyl, 1,3-butanediyl, 1,4-bu-
tanediyl, 1,5-pentanediyl, 1,6-hexanediyl, 1,4-cyclohex-
anediyl, 1,7-heptanediyl, 1,8-octanediyl, 1,9-nonanediyl,
1,10-decanedlyl, 1,11-undecanediyl, 1,12-dodecanedlyl,
1,13-tridecanediyl,  1,14-tetradecanediyl, 1,15-pentade-
canediyl, 1,16-hexadecanediyl, 1,17-heptadecanedlyl, 1,18-
octadecanediyl, 1,19-nonadecanediyl, and 1,20-eicosaned-
Iyl;

aromatic divalent hydrocarbon groups such as 1,3-ben-
zenediyl, 1,4-benzenediyl, 2-methyl-1,4-benzenediyl, 3-me-
thyl-1,4-benzenediyl, 2,5-dimethyl-1,4-benzenediyl, 3-pro-
pylbenzen-1-yl, 4-propylbenzene-1-yl, 1,8-naphthalenedlyl,
2,7-naphthalenediyl, 1,3-naphthalenedlyl, 1,4-naphthalene-
diyl, 1,3-anthracenediyl, 1,4-anthracenediyl, 1,5-anthracene-
diyl, 2,6-anthracenediyl, 9,10-anthracenediyl, 1,6-pyrene-
diyl, 1,8-pyrenediyl, 2,7-pyrenediyl, 4,9-pyrenediyl,
4-ethylbenzene-1,2'-diyl, 4-propylbenzene-1,3'-diyl, 4,4'-bi-
phenyldiyl, 4.3'-biphenyldiyl, 3'-propylbiphenyl-4-yl, and
4'-propylbiphenyl-4-yl; and
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heteroatom-containing divalent hydrocarbon groups such
as 2-oxa-1,3-propanediyl, 3-oxa-1,5-pentanediyl, 3-oxa-2-
methyl-1,5-pentanediyl, 3-oxa-1,6-hexanediyl, 3-oxa-2-me-
thyl-1,5-hexanediyl, 3-oxa-2-methyl-1,6-hexanediyl, 3,6-di-
oxa-1,8-octanediyl, 3,7-dioxa-1,9-nonanediyl, 3-methyl-3-
aza-1,5-pentanediyl, 3-methyl-3-aza-1,6-hexanediyl,
3-phenyl-3-aza-1,6-hexanediyl, 3-methyl-3-aza-7-oxa-1,9-
nonanediyl,  3-thia-1,5-pentanediyl,  3,6-dithia-1,8-oc-
tanediyl, 2,5-furanediyl, 2,5-thiophenediyl, 1,2,4-oxadiaz-
ole-3,5-diyl, 1,3,4-oxadiazole-2,5-diyl, 1,2,4-thiadiazole-3,
5-diyl, and 1,3,4-thiadiazole-2,5-diyl. Of these, preferred are
methylene, 1,2-ethanediyl, 1,3-propanediyl, 2-methyl-1,3-
propanediyl, 1,4-butanediyl, 1,5-pentanediyl, 1,6-hex-
anediyl, 1,7-heptanediyl, 1,8-octanediyl, 1,9-nonanediyl,
1,10-decanediyl, and 1,11-undecanediyl.

In formula (2), an arbitrary combination of Sx with A is
possible. Suitable siloxane-containing groups of formula (2)
wherein Sx is undecamethylpentasiloxan-1-yl, for example,
include

substituted hydrocarbon groups such as undecamethylpen-
tasiloxan-1-yl, undecamethylpentasiloxan-1-ylmethyl,
2-(undecamethylpentasiloxan-1-yl)ethyl, 1-(undecamethyl-
pentasiloxan-1-yl)ethyl, 2-(undecamethylpentasiloxan-1-yl)
ethenyl, 3-(undecamethylpentasiloxan-1-yl)propyl, 2-me-
thyl-3-(undecamethylpentasiloxan-1-yl)propyl,
4-(undecamethylpentasiloxan-1-yl)butyl, 5-(undecamethyl-
pentasiloxan-1-yl)pentyl, 6-(undecamethylpentasiloxan-1-
yDhexyl, 7-(undecamethylpentasiloxan-1-yhheptyl, 8-(un-
decamethylpentasiloxan-1-yl)octyl,
9-(undecamethylpentasiloxan-1-yl)nonyl, 10-(undecameth-
ylpentasiloxan-1-yl)decyl, 11-(undecamethylpentasiloxan-
1-ylhundecyl, 12-(undecamethylpentasiloxan-1-yl)dodecyl,
14-(undecamethylpentasiloxan-1-yl)tetradecyl, 16-(undeca-
methylpentasiloxan-1-yl)hexadecyl, 18-(undecamethylpen-
tasiloxan-1-yl)octadecyl, 20-(undecamethylpentasiloxan-1-
yleicosyl, 4-(undecamethylpentasiloxan-1-yl)phenyl,
3-(undecamethylpentasiloxan-1-yl)phenyl, 4-[2-(undecam-
ethylpentasiloxan-1-yl)ethyl|phenyl, 4-[3-(undecamethyl-
pentasiloxan-1-yl)propyl]phenyl, 4-[2-(undecamethylpenta-

siloxan-1-yl)propyl|phenyl, 2-{2-
(undecamethylpentasiloxan-1-yl)ethoxy }ethyl, 3-{2-
(undecamethylpentasiloxan-1-yl)ethoxy } propyl, 2-{3-
(undecamethylpentasiloxan-1-yl)propoxy }ethyl, 2-{3-

(undecamethylpentasiloxan-1-yl)propoxy }propyl, 2-{2-{3-
(undecamethylpentasiloxan-1-yl)propoxy }ethoxy }ethyl,
2-{2-{3-(undecamethylpentasiloxan-1-yl)
propoxy }propoxy }ethyl, and 2-{2-{3-(undecamethylpenta-
siloxan-1-yl)propoxy }propoxy }propyl;

substituted organoxy groups such as (undecamethylpenta-
siloxan-1-yl)methoxy, 2-(undecamethylpentasiloxan-1-yl)
ethoxy, 3-(undecamethylpentasiloxan-1-yl)propoxy, 2-me-
thyl-3-(undecamethylpentasiloxan-1-yl)propoxy,
3-(undecamethylpentasiloxan-1-yl)butoxy, 4-(undecameth-
ylpentasiloxan-1-yl)butoxy, 4-(undecamethylpentasiloxan-
1-yl)phenoxy, 2-{2-(undecamethylpentasiloxan-1-yl)

ethoxy }ethoxy, 3-{2-(undecamethylpentasiloxan-1-yl)
ethoxy }propoxy, 2-{3-(undecamethylpentasiloxan-1-yl)
propoxy }ethoxy, 2-{3-(undecamethylpentasiloxan-1-yl)
propoxy }propoxy, 2-{2-{3-(undecamethylpentasiloxan-1-

yl)propoxy }ethoxy }ethoxy, 2-{2-{3-
(undecamethylpentasiloxan-1-yl)propoxy }propoxy }ethoxy,
2-{2-{3-(undecamethylpentasiloxan-1-yl)

propoxy }propoxy }propoxy, 2-[N-methyl-N-{3-(undecam-
ethylpentasiloxan-1-yl)propyl}amino]-ethoxy, 2-[N-methyl-
N-{3-(undecamethylpentasiloxan-1-yl)propyl}amino]-
ethoxy, 1-methyl-2-[N-methyl-N-{3-



US 9,062,246 B2

9

(undecamethylpentasiloxan-1-yl)-propyl }amino]ethoxy,
and  2-[(2-(undecamethylpentasiloxan-1-yl)ethylsulfanyl]
ethoxy;

substituted organoxycarbonyl groups such as (undecam-
ethylpentasiloxan-1-yl)methoxycarbonyl, 2-(undecamethyl-
pentasiloxan-1-yl)ethoxycarbonyl, 3-(undecamethylpentasi-
loxan-1-yl)propoxycarbonyl, 2-methyl-3-
(undecamethylpentasiloxan-1-yl)propoxycarbonyl,
3-(undecamethylpentasiloxan-1-yl)butoxycarbonyl, 4-(un-
decamethylpentasiloxan-1-yl)phenoxycarbonyl, 2-{2-(un-
decamethylpentasiloxan-1-yl)ethoxy }ethoxycarbonyl, 3-{2-
(undecamethylpentasiloxan-1-yl)ethoxy }propoxycarbonyl,
2-{(3-(undecamethylpentasiloxan-1-yl)
propoxy }ethoxycarbonyl, 2-{(3-(undecamethylpentasi-
loxan-1-yl)propoxy }propoxycarbonyl, 2-{2-{(3-(undecam-
ethylpentasiloxan-1-yl)propoxy }ethoxy } -ethoxycarbonyl,
2-{(2-{(3-(undecamethylpentasiloxan-1-y1)
propoxy }propoxy }-ethoxycarbonyl,  2-{(2-{(3-(undecam-
ethylpentasiloxan-1-yl)propoxy }propoxy }-propoxycarbo-
nyl,  2-[N-methyl-N-{3-(undecamethylpentasiloxan-1-yl)
propyl}-amino]ethoxycarbonyl, 2-[N-methyl-N-{3-
(undecamethylpentasiloxan-1-yl)propyl}-amino]
ethoxycarbonyl, 1-methyl-2-[N-methyl-N-{3-
(undecamethylpentasiloxan-1-yl)-propyl }amino]
ethoxycarbonyl, and 2-{2-(undecamethylpentasiloxan-1-yl)
ethylsulfanyl}ethoxycarbonyl; and

substituted acyloxy groups such as (undecamethylpentasi-
loxan-1-ylacetoxy, 3-(undecamethylpentasiloxan-1-yl)pro-

pionyloxy,  2-methyl-3-(undecamethylpentasiloxan-1-yl)
propionyloxy, 5-(undecamethylpentasiloxan-1-yl)
pentanoyloxy, 6-(undecamethylpentasiloxan-1-yl)
hexanoyloxy, 11-(undecamethylpentasiloxan-1-yl)
undecanoyloxy, 4-(undecamethylpentasiloxan-1-yl)
benzoyloxy, {2-(undecamethylpentasiloxan-1-yl)
ethoxy tacetyl, 3-{2-(undecamethylpentasiloxan-1-yl)

ethoxy }propionyloxy, (3-(undecamethylpentasiloxan-1-yl)
propoxy)acetoxy,  3-{3-(undecamethylpentasiloxan-1-yl)
propoxy }propionyloxy, {2-{3-(undecamethylpentasiloxan-
1-yl)propoxy }ethoxy }acetoxy, {2-{3-
(undecamethylpentasiloxan-1-yl)

propoxy }propoxy }acetoxy, 3-[N-methyl-N-{3-
(undecamethylpentasiloxan-1-yl)propyl}-amino]
propionyloxy, and 3-[(N-methyl-N-{3-
(undecamethylpentasiloxan-1-yl)propyl}-amino]
propionyloxy.

Of the groups having formula (2), combinations of pre-
ferred examples of Sx with preferred examples of A are
preferred. Preferred groups include 3-(pentamethyldisiloxan-
1-yDpropyl, 3-(heptamethyltrisiloxan-1-yl)propyl, 3-(non-
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amethyltetrasiloxan-1-yl)propyl, 3-(undecamethylpentasi-
loxan-1-yl)propyl, 3-(1-trimethylsiloxy-1,3,3,3-
tetramethyldisiloxan-1-yl)propyl, 3-(1,3,3,5,5,7,7-
heptamethylcyclotetrasiloxan-1-yl)propyl,

4-(pentamethyldisiloxan-1-yl)butyl,  4-(heptamethyltrisi-
loxan-1-yl)butyl, 3-(nonamethyltetrasiloxan-1-yl)butyl,
4-(undecamethylpentasiloxan-1-yl)butyl, 4-(1-trimethylsi-
loxy-1,3,3,3-tetramethyldisiloxan-1-yl)butyl, 4-(1,3,3,5,5,7,
7-heptamethylcyclotetrasiloxan-1-yl)butyl, 5-(pentamethyl-
disiloxan-1-yl)pentyl, 5-(heptamethyltrisiloxan-1-yl)pentyl,
5-(nonamethyltetrasiloxan-1-yl)pentyl, 5-(undecamethyl-
pentasiloxan-1-yl)pentyl, 5-(1-trimethylsiloxy-1,3,3,3-tet-
ramethyldisiloxan-1-yl)pentyl, 5-(1,3,3,5,5,7,7-heptameth-
ylcyclotetrasiloxan-1-yl)pentyl, 6-(pentamethyldisiloxan-1-
yDhexyl, 6-(heptamethyltrisiloxan-1-yl)hexyl,
6-(nonamethyltetrasiloxan-1-yl)hexyl, 6-(undecamethylpen-
tasiloxan-1-yl)pentyl, 6-(1-trimethylsiloxy-1,3,3,3-tetram-
ethyldisiloxan-1-yDhexyl, 6-(1,3,3,5,5,7,7-heptamethylcy-
clotetrasiloxan-1-yhhexyl,  7-(pentamethyldisiloxan-1-yl)
heptyl, 7-(heptamethyltrisiloxan-1-ylheptyl,
7-(nonamethyltetrasiloxan-1-yheptyl, 7-(undecamethyl-
pentasiloxan-1-yDheptyl, 7-(1-trimethylsiloxy-1,3,3,3-tet-
ramethyldisiloxan-1-yDheptyl, 7-(1,3,3,5,5,7,7-heptameth-
ylcyclotetrasiloxan-1-ylheptyl, 8-(pentamethyldisiloxan-1-
yDoctyl, 8-(heptamethyltrisiloxan-1-yl)octyl,
8-(nonamethyltetrasiloxan-1-yl)octyl, 8-(undecamethylpen-
tasiloxan-1-yl)octyl, 8-(1-trimethylsiloxy-1,3,3,3-tetrameth-
yldisiloxan-1-yl)octyl, 8-(1,3,3,5,5,7,7-heptamethylcy-
clotetrasiloxan-1-yloctyl,  9-(pentamethyldisiloxan-1-yl)
nonyl, 9-(heptamethyltrisiloxan-1-yl)nonyl,
9-(nonamethyltetrasiloxan-1-yl)nonyl,  9-(undecamethyl-
pentasiloxan-1-yl)nonyl,  9-(1-trimethylsiloxy-1,3,3,3-tet-
ramethyldisiloxan-1-yl)nonyl, 9-(1,3,3,5,5,7,7-heptamethyl-
cyclotetrasiloxan-1-ylnonyl, 10-(pentamethyldisiloxan-1-

yldecyl, 10-(heptamethyltrisiloxan-1-yl)decyl, 10-
(nonamethyltetrasiloxan-1-yl)decyl, 10-
(undecamethylpentasiloxan-1-yl)decyl, 10-(1-

trimethylsiloxy-1,3,3,3-tetramethyldisiloxan-1-yl)decyl, 10-
(1,3,3,5,5,7,7-heptamethylcyclotetrasiloxan-1-yl)decyl, 11-

(pentamethyldisiloxan-1-yl)undecyl, 11-
(heptamethyltrisiloxan-1-ylyundecyl, 11-
(nonamethyltetrasiloxan-1-ylyundecyl, 11-
(undecamethylpentasiloxan-1-yl)undecyl, 11-(1-

trimethylsiloxy-1,3,3,3-tetramethyldisiloxan-1-yl)-undecyl,
and 11-(1,3,3,5,5,7,7-heptamethylcyclotetrasiloxan-1-ylyun-
decyl.

Iustrative, non-limiting examples of the compound hav-
ing formula (1) are given below wherein Sx is as defined
above.

a-1
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-continued

(1-58)
Sy Sx

(1-59)
Sy ! i Sx.

(1-60)
S5 Sx

L5

SX

L5

SX SX

B Br
SX
B Br

Specifically, suitable compounds having formula (1) 40
include
2,7-dibromo-9,9'-di-[3-(1-trimethylsiloxy-1,3,3,3-tetram-

ethyldisiloxan-1-yl)propyl]fluorene,
2,7-bis(biphenyl)-9,9'-di-[ 3-(1 -trimethylsiloxy-1,3,3,3-tet-

ramethyldisiloxan-1-yl)propyl]fluorene,
2,7-dibromo-9,9'-di-[ 3-(undecamethylpentasiloxan-1-yl)-
propyl]fluorene, and
2,7-bis(biphenyl)-9,9'-di-[ 3-(undecamethylpentasiloxan-1-
yD)-propyl]fluorene.

Although the fluorescent compound having formula (1) 50
contains a siloxane-containing group, it is not a mixture of
siloxanes having a molecular weight distribution because the
siloxane moiety has a definitely prescribed structure. That is,
the compound having formula (1) is a single compound rather
than a mixture. Since the molar concentration of fluorescent
chromophore is a key factor that governs fluorescent proper-
ties of a composition which is prepared using the compound,
the single compound form is desirable for accurately deter-
mining the molar concentration.

Desirably the fluorescent compound having formula (1) is
purified to as high a purity as possible in order that the com-
pound exert its fluorescent properties to a maximum extent.
Since the fluorescent compound having formula (1) is a single
compound as alluded to just above, it can be purified to a high
purity. Any suitable purifying means as applied to ordinary
organic compounds may be used, including recrystallization,
precipitation, solvent washing, silica gel column chromatog-
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O3

(1-61)

(1-62)
Br 0.0 Br

Sx

(72}
B3

(1-63)

raphy, gel permeation chromatography, and preparative lig-
uid chromatography. The fluorescent compound should pref-
erably have a purity of at least 95%, more preferably at least
98%, and most preferably at least 99%, as purified by liquid
chromatography. If a certain amount of impurity is contained,
then the fluorescent compound having formula (1) may have
somewhat degraded fluorescent properties, and a fluorescent
resin composition prepared using the compound may some-
times become cloudy and have degraded fluorescent proper-
ties. The purity may be determined by either normal or
reversed phase liquid chromatography. For example, Inert-
sil® Diol columns by GL Sciences Inc. may be used in the
normal phase chromatography, and XBridge® C18 columns
by Waters Corp. used in the reversed phase chromatography.
Size exclusion chromatography is also useful, and TSK-GEL
SuperHZ 2000 columns by Tosoh Corp. may be used, for
example.

The fluorescent compound may be prepared by bonding a
siloxane-containing group to a known fluorene structure. The
bonding of a siloxane-containing group may be achieved by
hydrosilylation reaction to an aliphatic unsaturated group
using a siloxane having a Si—H bond, but not limited thereto.

In one embodiment, the fluorescent compound having for-
mula (1) is prepared by reacting an olefin compound having
the general formula (3) with a SiH-containing siloxane com-
pound having the general formula (4) in the presence of a
platinum catalyst.
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In formula (3), R*! to R?° are each independently a sub-
stituent group selected from among a straight, branched or
cyclic, monovalent hydrocarbon group of 1 to 20 carbon
atoms, preferably 1 to 12 carbon atoms, alkoxy group of 1 to
20 carbon atoms, preferably 1 to 12 carbon atoms, aryloxy
group of 6 to 20 carbon atoms, preferably 6 to 12 carbon
atoms, halogen, hydrogen, amino, and cyano group. A pair of
R and R'2, R!* and R'*, R**and R'°, R*® and R'%, R'” and
R'®, R*®and R'?, orR'® and R*° may bond together to form an
alicyclic or aromatic ring structure of 5 to 8 carbon atoms with
the carbon atom or atoms to which they are attached.

Suitable monovalent hydrocarbon groups include satu-
rated hydrocarbon groups, typically straight, branched or
cyclic alkyl groups such as methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, cyclopentyl, iso-
pentyl, 2-pentyl, 3-pentyl, tert-pentyl, hexyl, cyclohexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tetradecyl,
hexadecyl, octadecyl, and eicosyl; unsaturated hydrocarbon
groups, typically alkenyl and alkynyl groups such as vinyl,
allyl, propenyl, 1-methylpropenyl, butenyl, pentenyl, hex-
enyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl, and
octadecenyl; and aromatic hydrocarbon groups, typically aryl
and aralkyl groups such as phenyl, naphthyl, anthryl, phenan-
thryl, pyrenyl, benzyl, phenethyl, phenylpropyl, 2-meth-
ylphenyl, 3-methylphenyl, 4-methylphenyl, 2,4-dimeth-
ylphenyl, 3,5-dimethylphenyl, 3,5-di-tert-butylphenyl, and
biphenyl. Of these, preferred are methyl, ethyl, propyl, iso-
propyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, vinyl, allyl and
phenyl. Suitable alkoxy groups include methoxy, ethoxy,
butoxy, tert-butoxy, and hexyloxy. Suitable aryloxy groups
include phenoxy, p-methylphenoxy and naphthoxy. Suitable
halogen atoms include fluorine, chlorine, bromine and iodine.
Suitable amino groups include dimethylamino and diethy-
lamino.

In formula (3), at least one of R** to R*°, especially R*!
and/or R'? is a monovalent hydrocarbon group of 2 to 20
carbon atoms, especially 2 to 10 carbon atoms, which is
terminated with an aliphatic carbon-carbon unsaturated bond
and which may contain at least one —O—, —S—or—NR—
or a combination thereof, with the proviso that two heteroa-
toms of oxygen, sulfur and nitrogen are not vicinal except for
the cyclic monovalent hydrocarbon group. R is a monovalent
hydrocarbon group of 1 to 20 carbon atoms, especially 1 to 12
carbon atoms. Where a plurality of R’s are included in the
substituent group, they may be the same or different and as
exemplified above.

Suitable monovalent hydrocarbon groups terminated with
anunsaturated bond include unsaturated hydrocarbon groups
such as vinyl, isopropenyl, allyl, 1-methylpropenyl, 3-bute-
nyl, 4-pentenyl, S-hexenyl, 6-heptenyl, 7-octenyl, 8-nonenyl,
9-decenyl, 10-undecenyl, 11-dodecenyl, 12-tridecenyl,
13-tetradecenyl, 14-pentadecenyl, 15-hexadecenyl, 16-hep-
tadecenyl, 17-octadecenyl, 18-nonadecenyl, 19-eicosenyl,
ethynyl, propargyl, 3-butynyl, 4-pentynyl, 5-hexynyl, 6-hep-
tynyl, 7-octynyl, 8-nonynyl, 9-decynyl, 10-undecynyl, and
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11-dodecynyl; and heteroatom-containing hydrocarbon
groups such as allyloxy, 2-oxa-4-pentenyl, 3-oxa-2-methyl-
4-pentenyl, 3-oxa-5-hexenyl, 3-oxa-2-methyl-5-hexenyl,
3,6-dioxa-7-octenyl, 3-methyl-3-aza-4-pentenyl, 3-thia-4-
pentenyl, S-vinylfuran-2-yl, 5-vinylthiophen-2-yl, 5-vinyl-1,
2,4-oxadiazol-3-yl, 5-vinyl-1,3,4-oxadiazol-2-yl, 5-vinyl-1,
2,4-thiadiazol-3-yl, and

Sx-H (©)]

In formula (4), Sx is a straight, branched or cyclic orga-
nosiloxanyl group of 2 to 10 silicon atoms, preferably 3 to 10
silicon atoms, more preferably 5 to 10 silicon atoms, having a
monovalent hydrocarbon group of 1 to 20 carbon atoms,
especially 1 to 6 carbon atoms, bonded to a silicon atom.
Examples of the monovalent hydrocarbon group are as exem-
plified above. The compound of formula (4) has a Si—H bond
which is subject to hydrosilylation reaction.

Examples of the compound having formula (4) include
linear organosiloxanes such as pentamethyldisiloxane, 3,3,3-
triethyl-1,1-dimethyldisiloxane, pentaethyldisiloxane, 3-vi-
nyl-1,1,3,3-tetramethyldisiloxane, 3-tert-butyl-1,1,3,3-tet-
ramethyldisiloxane, 3,3,3-triisopropyl-1,1-
dimethyldisiloxane, 1,1-diphenyl-3,3,3-trimethyldisiloxane,
3-methyl-1,1,3,3-tetraphenyldisiloxane, 1-cyclohexyl-1,3.3,
3-tetramethyldisiloxane, heptamethyltrisiloxane, nonameth-
yltetrasiloxane, undecamethylpentasiloxane, tridecamethyl-
hexasiloxane, pentadecamethylheptasiloxane,
heptadecamethyloctasiloxane, nonadecamethylnonasilox-
ane, and heneicosamethyldecasiloxane; branched organosi-
loxanes such as 1-trimethylsiloxy-1,3,3,3-tetramethyldisi-
loxane, 1-trimethylsiloxy-1,3,3,5,5,5-
hexamethyltrisiloxane, 1-pentamethyldisiloxanyloxy-1,3,3,
5,5,5-hexamethyltrisiloxane, 1-trimethylsiloxy-1,3,3,5,5,7,
7,7-octamethyltetrasiloxane, 1,1-bis(trimethylsiloxy)-3,3,3-
trimethyldisiloxane; and cyclic organosiloxanes such as 1,3,
3,5,5,7,7-heptamethylcyclotetrasiloxane and 1,3,5,7-
tetramethyl-1,3,5,7-tetravinylcyclotetrasiloxane. Of these,
preferred are pentamethyldisiloxane, heptamethyltrisilox-
ane, nonamethyltetrasiloxane, undecamethylpentasiloxane,
1-trimethylsiloxy-1,3,3,3-tetramethyldisiloxane, and 1,3.3,
5,5,7,7-heptamethylcyclotetrasiloxane.

According to the invention, the fluorescent compound is
prepared by reacting an olefin compound of formula (3) with
an organosiloxane compound of formula (4) in the presence
of'aplatinum catalyst. Suitable platinum catalysts used herein
include platinum compounds such as chloroplatinic acid,
platinum(0)-divinyltetramethyldisiloxane complex, plati-
num(0)-tetravinyltetramethylcyclotetrasiloxane ~ complex,
tetrakis(triphenylphosphine)platinum, dichlorobis(triph-
enylphosphine)platinum, dichlorobis(acetonitrile)platinum,
dichlorobis(benzonitrile)platinum, and dichloro(cycloocta-
diene)platinum; and platinum on solid supports such as plati-
num on active carbon and platinum on silica gel. Although the
amount of the platinum catalyst used is not particularly lim-
ited, it is preferably used in an amount of 0.000001 to 0.01
mole, more preferably 0.00001 to 0.001 mole of platinum per
mole of the olefin compound of formula (3).

Although the olefin compound of formula (3) may be com-
bined with the organosiloxane compound of formula (4) in
any mixing ratio, it is preferred for reactivity and productivity
to use 0.5 to 2 moles, more preferably 1.0 to 1.2 moles of the
compound of formula (4) per mole of the compound of for-
mula (3).

Although the reaction temperature and time may be deter-
mined as appropriate by those skilled in the art, the tempera-
ture is preferably 0 to 200° C., more preferably 20 to 100° C.
and the time is preferably 0.1 to 20 hours, more preferably 1
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to 3 hours. The reaction may be performed in a solvent.
Suitable solvents include ether, hydrocarbon and aprotic
polar solvents, for example, pentane, hexane, diethyl ether,
tetrahydrofuran, dioxane, toluene, xylene, acetonitrile, and
N,N-dimethylformamide, which may be used alone or in
admixture.

The foregoing reaction forms a compound having the gen-
eral formula (1'), for example.

In formula (1'), R* to R'® are each independently a sub-
stituent group selected from among a straight, branched or
cyclic, monovalent hydrocarbon group of 1 to 20 carbon
atoms, preferably 1 to 12 carbon atoms, alkoxy group of 1 to
20 carbon atoms, preferably 1 to 12 carbon atoms, aryloxy
group of 6 to 20 carbon atoms, preferably 6 to 12 carbon
atoms, halogen, hydrogen, amino, cyano and siloxane-con-
taining group having the formula (2", a pair of R and R*,R*
and R*, R* andR*,R> and R®, R” and R¥, R® andR®', or R”'
and R'® may bond together to form an alicyclic or aromatic
ring structure of 5 to 8 carbon atoms with the carbon atom(s)
to which they are attached. At least one of R* to R*” is a
siloxane-containing group having the formula (2').

Sx-A’ )

In formula (2'), Sx is a straight, branched or cyclic orga-
nosiloxanyl group of 2 to 10 silicon atoms, preferably 3 to 10
silicon atoms, more preferably 5 to 10 silicon atoms, having a
monovalent hydrocarbon group of 1 to 20 carbon atoms,
preferably 1 to 6 carbon atoms bonded to a silicon atom, a
silicon atom in Sx being bonded to A'. A' is a straight,
branched or cyclic, divalent hydrocarbon group of 2 to 20
carbon atoms, preferably 2 to 12 carbon atoms which may
contain at least one —O—, —S— or —NR— or a combina-
tion thereof, with the proviso that two heteroatoms of oxygen,
sulfur and nitrogen are not vicinal except for the cyclic diva-
lent hydrocarbon group. R is a monovalent C,-C,,, hydrocar-
bon group.

Examples of R'" to R'”" are the same as exemplified above
for R' to R'°. Examples of A' are the same as exemplified
above for A (excluding the groups of one carbon atom).
Examples of formula (2') are the same as exemplified above
for formula (2) (excluding the compounds wherein A has only
one carbon atom).

It is noted that the compound having a siloxane-containing
group of formula (2) wherein A is a single bond or a divalent
hydrocarbon group of one carbon atom is prepared by react-
ing a halogen compound having the general formula (5) with
a metal or organometallic compound to form a metalofluo-
rene derivative and further reacting it with a silicon com-
pound having the general formula (7).
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In formula (5), R?! to R*® are each independently a sub-
stituent group selected from among a straight, branched or
cyclic, monovalent hydrocarbon group of 1 to 20 carbon
atoms, especially 1 to 12 carbon atoms, alkoxy group of 1 to
20 carbon atoms, especially 1 to 12 carbon atoms, aryloxy
group of 6 to 20 carbon atoms, especially 6 to 12 carbon
atoms, halogen, hydrogen, amino, and cyano group.

In formula (5), at least one of R*! to R, especially R*!
and/or R** contains a substituent group having the formula

(©).

Hal-B- (6)

In formula (6), Hal is a halogen atom such as chlorine,
bromine or iodine. B is a single bond or a divalent hydrocar-
bon group of one carbon atom which may contain —O—,
—S— or—NR— or a combination thereof, with the proviso
that two heteroatoms of oxygen, sulfur and nitrogen are not
vicinal. R is a monovalent hydrocarbon group of 1 to 20
carbon atoms, preferably 1 to 12 carbon atoms. Where a
plurality of R’s are included in the substituent group, they
may be the same or different. Examples of R are as exempli-
fied above.

Examples of the group having formula (6) include chlo-
romethyl, bromomethyl, iodomethyl, chloromethoxy, bro-
momethoxy, and iodomethoxy.

A pair of R*! and R*?, R** and R**, R** and R**>, R** and
RS, R*” and R*®, R*® and R*°, or R*® and R*° may bond
together to form an alicyclic or aromatic ring structure of 5 to
8 carbon atoms with the carbon atom(s) to which they are
attached.

Suitable monovalent hydrocarbon groups include satu-
rated hydrocarbon groups, typically straight, branched or
cyclic alkyl groups such as methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, cyclopentyl, iso-
pentyl, 2-pentyl, 3-pentyl, tert-pentyl, hexyl, cyclohexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tetradecyl,
hexadecyl, octadecyl, and eicosyl; unsaturated hydrocarbon
groups, typically alkenyl and alkynyl groups such as vinyl,
allyl, propenyl, 1-methylpropenyl, butenyl, pentenyl, hex-
enyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl, and
octadecenyl; and aromatic hydrocarbon groups, typically aryl
and aralkyl groups such as phenyl, naphthyl, anthryl, phenan-
thryl, pyrenyl, benzyl, phenethyl, phenylpropyl, 2-meth-
ylphenyl, 3-methylphenyl, 4-methylphenyl, 2,4-dimeth-
ylphenyl, 3,5-dimethylphenyl, 3,5-di-tert-butylphenyl, and
biphenyl. Of these, preferred are methyl, ethyl, propyl, iso-
propyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, vinyl, allyl and
phenyl. Suitable alkoxy groups include methoxy, ethoxy,
butoxy, tert-butoxy, and hexyloxy. Suitable aryloxy groups
include phenoxy, p-methylphenoxy and naphthoxy. Suitable
halogen atoms include fluorine, chlorine, bromine and iodine.
Suitable amino groups include dimethylamino and diethy-
lamino.

Examples of the metal and organometallic compound
include n-butyl lithium, sec-butyl lithium, t-butyl lithium,
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methyl lithium, phenyl lithium, metallic lithium, metallic
magnesium, methylmagnesium chloride, and methylmagne-
sium bromide. Although the amount of the metal or organo-
metallic compound used is not particularly limited, it is pref-
erably used in an amount of 1 to 10 moles, more preferably 1
to 1.5 moles per mole of the compound of formula (5).

The reaction temperature is preferably 100° C.to -100° C.,
more preferably -30° C. to —80° C. The reaction time is
preferably 30 minutes to 10 hours, more preferably 30 min-
utes to 1 hour. Suitable solvents include ether and hydrocar-
bon solvents, for example, diethyl ether, tetrahydrofuran,
hexane and pentane, which may be used alone or in admix-
ture.

The metalofluorene derivative thus obtained is then reacted
with a silicon compound having the general formula (7),
yielding a compound having formula (1).

Sx-Y )

In formula (7), Sx is a straight, branched or cyclic orga-
nosiloxanyl group of 2 to 10 silicon atoms, preferably 3 to 10
silicon atoms, more preferably 5 to 10 silicon atoms, having a
monovalent hydrocarbon group of 1 to 20 carbon atoms,
especially 1 to 6 carbon atoms, bonded to a silicon atom.
Examples of the monovalent hydrocarbon group are as exem-
plified above. Y is a halogen atom or an organoxy group of 1
to 10 carbon atoms, examples of which include chlorine,
bromine, iodine, methoxy, ethoxy, isopropoxy, and phenoxy.

Examples of the silicon compound having formula (7)
include

linear organosiloxanes such as chloropentamethyldisilox-
ane, methoxypentamethyldisiloxane,  3,3,3-triethyl-1-
chloro-1,1-dimethyldisiloxane, 3-vinyl-1-chloro-1,1,3,3-tet-

ramethyldisiloxane, 3-tert-butyl-1-chloro-1,1,3,3-
tetramethyldisiloxane, 1-chloro-3,3,3-triisopropyl-1,1-
dimethyldisiloxane, 1-chloro-1,1-diphenyl-3,3,3-
trimethyldisiloxane, 1-chloro-3-methyl-1,1,3,3-

tetraphenyldisiloxane, and 1-chloro-1-cyclohexyl-1,3,3,3-
tetramethyldisiloxane;

branched organosiloxanes such as 1-chloro-1-trimethylsi-
loxy-1,3,3,3-tetramethyldisiloxane, 1-methoxy-1-trimethyl-
siloxy-1,3,3,3-tetramethyldisiloxane, 1-chloro-1-trimethyl-
siloxy-1,3,3,5,5,5-hexamethyltrisiloxane, 1-chloro-1-
pentamethyldisiloxanyloxy-1,3,3,5,5,5-
hexamethyltrisiloxane, and 1-chloro-1-trimethylsiloxy-1,3,
3,5,5,7,7,7-octamethyltetrasiloxane; and cyclic
organosiloxanes such as 1-chloro-1,3,3,5,5,7,7-heptamethyl-
cyclotetrasiloxane, 1-methoxy-1,3,3,5,5,7,7-heptamethylcy-
clotetrasiloxane, and 1-chloro-1,3,5,7-tetramethyl-1,3,5,7-
tetravinylcyclotetrasiloxane.

Of these, preferred are chloropentamethyldisiloxane,
1-chloro-1-trimethylsiloxy-1,3,3,3-tetramethyldisiloxane,
and 1-chloro-1,3,3,5,5,7,7-heptamethylcyclotetrasiloxane.

Although the metalofluorene derivative may be combined
with the compound of formula (7) in any mixing ratio, it is
preferred for reactivity and productivity to use 0.5 to 2 moles,
more preferably 1.0 to 1.2 moles of the compound of formula
(7) per mole of the metalofluorene derivative.

Although the reaction temperature and time may be deter-
mined as appropriate by those skilled in the art, the tempera-
ture is preferably 0 to 200° C., more preferably 20 to 100° C.
and the time is preferably 0.1 to 20 hours, more preferably 1
to 3 hours. The reaction may be performed in a solvent.
Suitable solvents include ether, hydrocarbon and aprotic
polar solvents, for example, pentane, hexane, diethyl ether,
tetrahydrofuran, dioxane, toluene, xylene, acetonitrile, and
N,N-dimethylformamide, which may be used alone or in
admixture.
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A further embodiment of the invention is a fluorescent
resin composition comprising a resin and the fluorescent
compound defined herein. Suitable resins serving as a matrix
include thermoplastic and thermosetting resins such as poly-
ethylene, polypropylene, polystyrene, cycloolefin polymers,
polyacrylate, polyvinyl chloride, polycarbonate, polyesters,
polyamides, polyimides, polyvinyl alcohol, silicone resins,
ethylene-vinyl alcohol copolymerized resins, ethylene-vinyl
acetate copolymerized resins, ABS resins, epoxy resins, phe-
nolic resins, melamine resins, and polyurethane; and elas-
tomers such as natural rubber, nitrile rubber, urethane rubber,
EPDM, styrene-butadiene rubber, fluoro-rubber, and silicone
rubber. Inter alia, silicone resins including silicone oil, sili-
cone rubber, silicone resin and silicone gel are preferred. The
fluorescent resin composition may have any state of liquid,
solid, rubber or gel.

In the fluorescent resin composition, preferably the fluo-
rescent compound is uniformly dispersed without agglom-
eration. The fluorescent resin composition may contain two
or more fluorescent compounds including the inventive fluo-
rescent compound.

In the fluorescent resin composition, the fluorescent com-
pound is present in any desired amount, preferably 0.001 to
10% by weight, more preferably 0.01 to 5% by weight, and
even more preferably 0.1 to 5% by weight. Preferably, the
amount of the fluorescent compound is determined as long as
it is compatible with the matrix resin. Though depending on
the nature of the fluorescent compound and the nature of the
matrix resin, too large an amount of the fluorescent com-
pound may lead to a lowering of fluorescent intensity due to
density quenching whereas too small an amount may lead to
an insufficient fluorescent intensity.

Besides the resin, the fluorescent resin composition may
contain additives. Suitable additives include solvents such as
water, methanol, ethanol, hexane, isooctane, decane, toluene,
xylene, dimethylformamide, dimethylacetamide, methylpyr-
rolidone, and dimethyl sulfoxide; fillers such as silica gel,
titanium oxide, zinc oxide, carbon and magnesium hydrox-
ide; silicon compounds such as silane coupling agents as well
as tetramethoxysilane, tetracthoxysilane, hexamethyldisilox-
ane, and decamethylcyclopentasiloxane; radical polymeriza-
tion initiators such as azobisisobutyronitrile and benzoyl per-
oxide; photo-polymerization initiators such as 2-hydroxy-1-
methylpropiophenone and diphenyliodonium
hexafluorophosphate; metal compounds such as chloropla-
tinic acid, platinum(0)-divinyltetramethyldisiloxane com-
plex, and benzylidene-dichlorobis(tricyclohexylphosphine)
ruthenium; fibers such as glass fibers and carbon fibers; UV
absorbers and photo-stabilizers such as benzophenone
derivatives and hindered amine compounds; plasticizers such
as phthalates and adipates; and flame retardants such as phos-
phates. The additives may be added to the composition as
long as the emission properties of the composition are not
compromised. Typically the additives are added to the com-
position in amounts of 0.01 to 80% by weight.

The fluorescent compound may be combined with other
components to form the fluorescent resin composition, for
example, by milling the resin and the fluorescent compound
until the compound is dispersed in the resin, by premixing the
fluorescent compound with a liquid resin monomer or pre-
polymer, dissolving therein, and effecting addition polymer-
ization or condensation polymerization, or by dissolving the
fluorescent compound in resin varnish.
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EXAMPLE

Examples of the invention are given below by way of
illustration and not by way of limitation. In the following
structural formulae, Me stands for methyl.

Example 1

Synthesis of 2,7-dibromo-9,9'-di-[3-(1-trimethylsi-
loxy-1,3,3,3-tetramethyldisiloxan-1-yl)propyl |fluo-
rene (Compound #1)

A 100-ml three-necked flask equipped with a reflux con-
denser and stirrer was purged with nitrogen and charged with
845.0 mg (2.11 mmol) of 2,7-dibromo-9,9'-diallylfluorene,
15.2 mg of a 2 wt % xylene solution of platinum(0)-1,3-
divinyl-1,1,3,3-tetramethyldisiloxane complex, and 5 ml of
dry toluene. To the flask, 1.01 g (4.54 mmol) of 1,1,1,3,5,5,
5-heptamethyltrisiloxane was added dropwise over 10 min-
utes. After the completion of dropwise addition, the reaction
solution was stirred for 6 hours at room temperature. The
solution was concentrated in vacuum. Water and toluene were
added to the concentrate, followed by separatory operation to
extract the organic layer. The resulting solution was dried
over magnesium sulfate and concentrated under reduced
pressure on a rotary evaporator, yielding 1.70 g of a pale
yellow liquid.

On time-of-flight mass spectrometry (MALDI-TOFMS)
analysis, the liquid was identified to be 2,7-dibromo-9,9'-di-
[3-(1-trimethylsiloxy-1,3,3,3-tetramethyldisiloxan-1-yl)
propyl]fluorene, designated Compound #1.

MALDI-TOFMS m/z: 846.2 (M™)

The structure of Compound #1 is represented by the fol-
lowing formula (8).

O

Me(Me3SiO),Si

®

Si(OSiMes):Me

Example 2

Synthesis of 2,7-bis(biphenyl)-9,9'-di-[3-(1-trimeth-
ylsiloxy-1,3,3,3-tetramethyldisiloxan-1-yl)propyl]
fluorene (Compound #2)

A 100-ml three-necked flask equipped with a reflux con-
denser and stirrer was purged with nitrogen and charged with
1.70 g (2.00 mmol) of 2,7-dibromo-9,9'-di[3-(1-trimethylsi-
loxy-1,3,3,3-tetramethyldisiloxan-1-yl)propyl]|-fluorene,
1.02 g (5.15 mmol) of biphenylboronic acid, 131.4 mg (0.11
mmol) of tetrakisi(triphenylphosphine), and 20 ml of
dimethoxyethane. To the flask, 1.10 g (7.96 mmol) of potas-
sium carbonate in 4 ml of water was added dropwise. After the
completion of dropwise addition, the reaction solution was
stirred for 4.5 hours at 67° C. Water and toluene were added
to the solution, followed by separatory operation to extract the
organic layer. The resulting solution was dried over magne-
sium sulfate, concentrated under reduced pressure on a rotary
evaporator, and purified by HPLC, yielding 1.48 g of a white
solid.
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On NMR and MALDI-TOFMS spectroscopy analysis, the
solid was identified to be 2,7-bis(biphenyl)-9,9'-di-[3-(1-tri-
methylsiloxy-1,3,3,3-tetramethyldisiloxan-1-yl)propyl]-
fluorene, designated Compound #2.

'H-NMR (600 MHz, d in CDCL,): -0.18 (s, 6H), -0.10 (s,
36H),0.25-0.30 (m, 4H), 0.77-0.89 (m, 4H), 7.26 (t, 2H), 7.49
(t,4H),7.61-7.63 (m, 4H), 7.67-7.76 (m, 12H), 7.78-7.81 (m,
2H)

MALDI-TOFMS nv/z: 994.6 (M*)

The structure of Compound #2 is represented by the fol-
lowing formula (9).

©

Si(OSiMe;),Me

Compound #2 was also analyzed in ethanol by ultraviolet-
visible absorption and fluorescent spectroscopy, finding a
maximum absorption peak wavelength of 338 nm, a molar
absorption coefficient of 7.07x10*, and a maximum fluores-
cence wavelength of 385 nm (excitation wavelength: 338
nm).

Example 3

Synthesis of 2,7-dibromo-9,9'-di-[3-(undecamethyl-
pentasiloxan-1-yl)propyl]fluorene (Compound #3)

A 100-ml three-necked flask equipped with a reflux con-
denser and stirrer was purged with nitrogen and charged with
1.33 g (3.29 mmol) of 2,7-dibromo-9,9'-diallylfluorene, 15.0
mg of a 2 wt % xylene solution of platinum(0)-1,3-divinyl-
1,1,3,3-tetramethyldisiloxane complex, and 6 ml of dry tolu-
ene. To the flask, 3.00 g (8.09 mmol) of 1,1,3,3,5,5,7,7,9.9,
9-undecamethyltrisiloxane was added dropwise over 10
minutes. After the completion of dropwise addition, the reac-
tion solution was stirred for 7 hours at room temperature.
Water and toluene were added to the solution, followed by
separatory operation to extract the organic layer. The result-
ing solution was dried over magnesium sulfate, concentrated
under reduced pressure on a rotary evaporator, and purified by
silica gel chromatography, yielding 2.63 g of a pale yellow
liquid.

On MALDI-TOFMS analysis, the liquid was identified to
be  2,7-dibromo-9,9'-di-[3-(undecamethylpentasiloxan-1-
yD)-propyl]fluorene, designated Compound #3.

MALDI-TOFMS nmy/z: 1142.2 (M*)

The structure of Compound #3 is represented by the fol-
lowing formula (10).

(10)
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Example 4

Synthesis of 2,7-bis(biphenyl)-9,9'-di-[ 3-(undecam-
ethylpentasiloxan-1-yl)propyl]fluorene (Compound
#4)

A 100-ml three-necked flask equipped with a reflux con-
denser and stirrer was purged with nitrogen and charged with
2.02 g (1.76 mmol) of 2,7-dibromo-9,9'-di[3-(undecamethyl-
pentasiloxan-1-yl)propyl]fluorene, 807.3 mg (4.08 mmol) of
biphenylboronic acid, 98.0 mg (0.085 mmol) of tetrakisi(t-
riphenylphosphine), and 13 ml of dimethoxyethane. To the
flask, 848.0 mg (6.14 mmol) of potassium carbonate in 5 ml
of' water was added, followed by stirring for 7 hours at 84° C.
Water and toluene were added to the solution, followed by
separatory operation to extract the organic layer. The result-
ing solution was dried over magnesium sulfate, concentrated
under reduced pressure on a rotary evaporator, and purified by
HPLC, yielding 1.15 g of a colorless liquid.

On NMR and MALDI-TOFMS spectroscopy analysis, the
liquid was identified to be 2,7-bis(biphenyl)-9,9'-di-[3-(un-
decamethylpentasiloxan-1-yl)propyl]fluorene,  designated
Compound #4.

'H-NMR (600 MHz, d in CDCl,): =0.12 (s, 12H), -0.10 (s,
12H), -0.012 (s, 12H), -0.010 (s, 12H), 0.070 (s, 18H),
0.35-0.40 (m, 4H), 0.80-0.86 (m, 4H), 2.08-2.14 (m, 4H),
7.36-7.40 (m, 2H), 7.46-7.51 (m, 4H), 7.60-7.65 (m, 4H),
7.66-7.69 (m, 4H), 7.69-7.78 (m, 8H), 7.78-7.81 (m, 2H)

MALDI-TOFMS nm/z: 1290.5 (M*)

The structure of Compound #4 is represented by the fol-
lowing formula (11).

an

Compound #4 was also analyzed in ethanol by ultraviolet-
visible absorption and fluorescent spectroscopy, finding a
maximum absorption peak wavelength of 338 nm, a molar
absorption coefficient of 6.81x10%, and a maximum fluores-
cence wavelength of 383 nm (excitation wavelength: 338
nm).

Example 5

Silicone Resin Composition Containing Compound
#2

In a glass vial, 114.2 mg of Compound #2 synthesized in
Example 2 was weighed. With stirring at room temperature,
transparent silicone resin SIM-360 matrix (Shin-Etsu Chemi-
cal Co., Ltd.) was added in incremental amounts. The com-
pound was judged dissolved when the solution became trans-
parent, from which a solubility of 1.3 mmol/LL was computed.
A curing agent was added to this mixture in an amount of 10%
by weight based on the matrix. The mixture was deaerated
and cured by heating at 150° C. for 30 minutes, yielding a
fluorescent silicone resin composition. The concentration of
Compound #2 could be altered to any arbitrary value below
the indicated concentration.
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Example 6

Silicone Resin Composition Containing Compound
#4

As in Example 5, the solubility of Compound #4 in silicone
resin SIM-360 matrix was measured, finding a solubility of
6.0 mmol/L.. A curing agent was added to the mixture in an
amount of 10% by weight based on the matrix. The mixture
was deaerated and cured by heating at 150° C. for 30 minutes,
yielding a fluorescent silicone resin composition. The con-
centration of Compound #4 could be altered to any arbitrary
value below the indicated concentration.

Comparative Example 1

Solubility of 2,7-Bis(Biphenyl)-9,9'-Dihexylfiuorene
(Compound #5) in Silicone Resin

Compound #5 has the structure of the following formula

12).

QQO.QQQ

As in Example 5, the solubility of Compound #5 in silicone
resin SIM-360 matrix was measured. The mixture became a
suspension and the compound could not be dissolved.

The fluorescent compounds within the scope of the inven-
tion can be used as fluorescent ink, wavelength converting
substance or the like. With the fluorescent compounds, low
polar resins such as silicone resins can be colored without
detracting from transparency, yielding highly transparent
fluorescent resin compositions. Thus the invention is of great
utility.

Japanese Patent Application No. 2012-027589 is incorpo-
rated herein by reference.

Although some preferred embodiments have been
described, many modifications and variations may be made
thereto in light of the above teachings. It is therefore to be
understood that the invention may be practiced otherwise
than as specifically described without departing from the
scope of the appended claims.

The invention claimed is:

1. A fluorescent compound having the general formula (1):

M

wherein
R! to R'° are each independently a substituent group
selected from the group consisting of a straight,
branched or cyclic, monovalent C,-C,, hydrocarbon
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group, C,-C,, alkoxy group, C4-C,, aryloxy group,
hydrogen, amino, cyano and siloxane-containing group
having the formula (2), a pair of R* and R*, R® and R*, R*
and R>, R® and RS, R” and R®, R® and R®, or R® and R*®
may bond together to form a ring structure of 5 to 8
carbon atoms with the carbon atoms to which they are
attached,

at least one of R' to R'° is a siloxane-containing group
having the formula (2),

Sx-A- )

wherein Sx is a straight, branched or cyclic organosiloxanyl
group of 2 to 10 silicon atoms having a C,-C,, monovalent
hydrocarbon group bonded to a silicon atom, a silicon atom in
Sx being bonded to A, and A is a single bond or a straight,
branched or cyclic, divalent C, -C,, hydrocarbon group which
may contain at least one —O—, —S— or —NR— or a
combination thereof, with the proviso that two heteroatoms of
oxygen, sulfur and nitrogen are not vicinal except for the
cyclic divalent hydrocarbon group, and R is a monovalent
C,-C,, hydrocarbon group.

2. The fluorescent compound of claim 1 wherein the silox-
ane-containing group having formula (2) contains at least 5
silicon atoms in total.

3. The fluorescent compound of claim 1 wherein R' and/or
R? in formula (1) is a siloxane-containing group having for-
mula (2).

4. The fluorescent compound of claim 1 wherein R* and/or
R® in formula (1) is biphenyl.

5. A fluorescent resin composition comprising the fluores-
cent compound of claim 1 and a resin.

6. The composition of claim 5 wherein the resin is a sili-
cone resin.

7. A method for preparing a fluorescent compound having
formula (1")

wherein

R' to R'® are each independently a substituent group
selected from the group consisting of a straight,
branched or cyclic, monovalent C,-C,, hydrocarbon
group, C,-C,, alkoxy group, C4-C,, aryloxy group,
halogen, hydrogen, amino, cyano and siloxane-contain-
ing group having the formula (2'), a pair of R and R¥,
R*and R*, R* and R%, R> and R®, R” and R®, R® and
R®, or R® and R'® may bond together to form a ring
structure of 5 to 8 carbon atoms with the carbon atoms to
which they are attached,

at least one of R to R'® is a siloxane-containing group
having the formula (2'),

Sx-A- )
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wherein Sx is a straight, branched or cyclic organosiloxanyl
group of 2 to 10 silicon atoms having a C,-C,, monovalent
hydrocarbon group bonded to a silicon atom, a silicon atom in
Sx being bonded to A', and A is a straight, branched or cyclic,
divalent C,-C,, hydrocarbon group which may contain at
least one —O—, —S— or —NR— or a combination thereof,
with the proviso that two heteroatoms of oxygen, sulfur and
nitrogen are not vicinal except for the cyclic divalent hydro-
carbon group, and R is a monovalent C,-C,, hydrocarbon

group,

said method comprising reacting an olefin compound hav-
ing the formula (3)

&)

whereinR'! to R? are each independently a substituent group
selected from the group consisting of a straight, branched or
cyclic, monovalent C,-C,, hydrocarbon group, C,-C,,
alkoxy group, C,-C,,, aryloxy group, hydrogen, amino, and
cyano group, a pair of R* and R'?, R'®* and R'*, R'*and R*?,
R' and R'®, R'” and R*'®, R'® and R'?, or R*® and R*° may
bond together to form a ring structure of 5 to 8 carbon atoms
with the carbon atoms to which they are attached, at least one
of R to R*® is a monovalent C,-C,, hydrocarbon group
which is terminated with an aliphatic carbon-carbon unsatur-
ated bond and which may contain at least one —O—, —S—
or —NR— or a combination thereof, with the proviso that
two heteroatoms of oxygen, sulfur and nitrogen are not vici-
nal except for the cyclic monovalent hydrocarbon group, R is
a monovalent C,-C,, hydrocarbon group,

with a SiH-containing siloxane compound having the gen-
eral formula (4)

Sx-H (©)]

wherein Sx is a straight, branched or cyclic organosiloxanyl
group of 2 to 10 silicon atoms having a C,-C,, monovalent
hydrocarbon group bonded to a silicon atom

in the presence of a platinum catalyst.

8. The fluorescent compound of claim 1, having formula

©

©

Si(0SiMes),Me

and the name 2,7-bis(biphenyl)-9,9'-di-[3-(1-trimethylsi-
loxy-1,3,3,3-tetramethyldisiloxan-1-yl)propyl]fluorine.



US 9,062,246 B2

35
9. The fluorescent compound of claim 1, having formula

(11)

MesSi

and the name 2,7-bis(biphenyl)-9,9'-di-[3-(undecamethyl-
pentasiloxan-1-yl)propyl]fluorine.

#* #* #* #* #*
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